Hole contains a complete sample of 50 X-ray sources with fluxes in the 0.5-2 keV band larger than 5.5 · 10 −15 erg cm −2 s −1 . Previous work has provided optical identification of 46 of the 50 X-ray sources; over 75 % of the sources are AGNs (Schmidt et al. 1998 ).
Introduction
A reliable optical identification of faint X-ray sources from deep X-ray surveys is the key to determine the contribuSend offprint requests to: I. Lehmann; ilehmann@aip.de tion of the various types of X-ray sources to the X-ray background (XRB), originally discovered more than three decades ago (Giacconi et al. 1962) .
The ROSAT Deep Survey (RDS) in the Lockman Hole includes a statistically well defined and complete sample of 50 X-ray sources with fluxes in the 0.5-2 keV band larger than 5.5 · 10 −15 erg cm −2 s −1 (Hasinger et al. 1998, Paper I) . The survey has been carried out with the ROSAT satellite in the Lockman Hole (Hasinger et al. 1993 ), a region of extremely low galactic hydrogen column density (Lockman et al. 1986 ). The RDS is based on a 207 ksec ROSAT PSPC exposure, a 205 ksec HRI raster scan and a series of HRI exposures of a fixed area totaling 1112 ksec. The deep HRI images produced very accurate (2 ′′ ) positions, which were crucial for the optical identification effort. The extraction of X-ray sources and their X-ray properties are described in Paper I.
The optical identification and photometry of the RDS sources have been published in Paper II (Schmidt et al. 1998) . Among the 50 X-ray sources we identified 39 AGNs, 3 groups of galaxies, 1 galaxy and 3 galactic stars; four X-ray sources were not identified. This study found a much larger fraction of AGNs than did any previous X-ray survey (Boyle et al. 1995a , Georgantopoulos et al. 1996 , Bower et al. 1996 and McHardy et al. 1998 .
In this paper we present the optical finding charts of the RDS sources and their optical spectra as well as some new optical/near-infrared and radio identifications. The paper is organized as follows. In Sect. 2 we discuss the optical observations and the data reduction. In Sect. 3 we present the atlas of the optical finding charts, the spectra and the galaxy absorption lines of the optical counterparts of the X-ray sources. Sect. 4 contains a new optical identification as well as a possible identification of two X-ray sources with infrared sources and a probable identification of a radio galaxy. On the basis of the optical spectra we have determined some emission line properties, which are presented in Sect. 5. In Sect. 6 we discuss the fraction of narrow emission line galaxies (NELG) in the field near the RDS sources and discuss the possible misidentification of faint X-ray sources with the class of NELG in several deep X-ray surveys. A brief discussion of the results is given in Sect. 7. Throughout the paper we use H 0 = 50 km s −1
Mpc
−1 and q 0 = 0.5.
Observations and Reductions

Optical imaging
R-band images of the Lockman field were obtained with the Low Resolution Imaging Spectrometer (LRIS; Oke et al. 1995) on the Keck I telescope in April 1996 and on the Keck II telescope in April 1997 and March 1998. The image scale on the back-illuminated 2048 × 2048 Tektronics CCD is 0.215 arc-sec per pixel. The exposure times of the R-images were 300 sec or 30-60 sec, when the R-image was used for the aquisition of a multi-slit mask. The typical seeing was around ≈1 ′′ . The limiting magitudes of the R-images range from 23.5 to 26.0 mag. The 6 ′ x 8 ′ field of view of the LRIS is sufficiently large that each image contains at least two RDS sources. The images were debiased and flattened using standard procedures. The detection and photometric analysis of the images was done using the SExtractor package (Bertin & Arnouts 1996) . The zero-point of the photometry was obtained by a crosscorrelation with a digital version of the POSSII (Djorgovski priv. communication), which is within 0.2 mag of the standard instrumental calibration. The photometric error is around 0.5 mag in R.
For all sources we have in addition V -and I-band images from Palomar CCD drift scans, which are described in Paper II.
Optical spectroscopy
The optical spectroscopy of the counterparts of most Xray sources was carried out in February, December 1995 , April 1996 , April 1997 and in March 1998 at the Keck I and II telescopes on Mauna Kea, Hawaii. The majority of spectra were obtained using the LRIS instrument in the long-slit mode with a 0.7 ′′ or 1.0 ′′ wide slit. The spectra of the objects 12A, 16A, 23A and 116B/D were taken through 1.5
′′ wide slits using LRIS multi-slit masks. The detector was the same as used for imaging (see above). A 300 lines mm −1 grating with a wavelength coverage of around 3800-8200Å yields a spectral dispersion of 2.46Å per pixel and a resolution of ∼ 10-15Å (FWHM). A typical integration was a single 1800 sec exposure in the long-slit mode or two exposures of 1800 sec in the multi-slit mode.
Optical spectra for the relatively bright objects 8B, 9A, 20C, 25A, 27A, 28B and 52A were taken in February and December 1992 with the 4-Shooter spectrograph (Gunn et al. 1987) at the 5-m Hale telescope. The detector is a 800 × 800 Texas Instrument CCD. Using a 1.5 × 100 ′′ slit and a 200 lines mm −1 transmission grating the spectra cover a wavelength range from 4500-9500Å at a resolution of 25 A. The data analysis was performed using the procedure given in Schneider et al. (1994) .
An optical spectrum of the bright star 62A was obtained in March 1998 with the Boller & Chivens Cass Twin spectrograph at the 3.5-m telescope on Calar Alto. A 1.5
′′ wide slit and the 600 lines mm −1 transmission grating (T13) was used resulting in a wavelength coverage of 3500-5500Å and a resolution of about 4.4Å in the blue channel. The red channel was not available due to technical problems with the CCD. The detector is a 800 × 2000 SITe CCD.
The Keck spectra and the Calar Alto spectrum were processed with the software package MIDAS. The raw data frames were bias-subtracted and flatfield corrected. Following a night sky-subtraction, where we selected a small region of constant background light nearby the sources, the extraction of the one-dimensional spectra was done using the optimal extraction algorithm described by Horne (1986) . The wavelength scale was defined by fitting third order polynomials to the lines of a He-Ar or HgKr calibration spectrum. The relative flux calibration was obtained using secondary standard stars for spectrophotometry (Oke & Gunn 1983) . The atmospheric correction function for the broad molecular absorption bands was derived from the spectra of the standard stars and applied to all spectra. However, for some spectra (see eg. 35A and 37A in Fig. 1 ) the atmospheric correction did not work reliably.
Atlas of optical finding charts and spectra
The finding charts for all X-ray sources are ordered by increasing X-ray source number (cf. Fig. 1 ). For most sources the optical images are taken from Keck R-images, except for the sources 2, 11, 17, 20, 28, 29, 35, 42, 48, 51, 53, 54, 55, 56, 59, 61, 62, 67 and 73 , for most of which the V -images from the Palomar drift scans (see Paper II) are shown. The V -images of the sources 11 and 17 are not deep enough to show the suggested optical counterparts. Therefore we present the finding charts of both sources using deep raw I-images, kindly provided by G. Luppino (priv. communication) , taken with the 8K CCD Mosaic Camera (Metzger et al. 1995) at the University of Hawaii 2.2m telescope.
The image scale is given by the horizontal bar. The two circles drawn on the images correspond to the 80 % PSPC and HRI error circles, which are derived from the 207 ksec PSPC image, the 205 ksec HRI raster scan and the 1112 ksec HRI images. The HRI error circle is always smaller than the PSPC circle due to the higher spatial Fig. 1 . R-band/V -band and I-band images and low-resolution spectra of the RDS sources. North is up, and east to the left. The small and large circles show the ROSAT HRI and PSPC error circles (80 % error radius). The 2σ error box indicates a VLA 20 cm detection. The wavelength is given inÅngstrom, the flux scale is normalized that one count corresponds to an AB magnitude 28 (f ν = 2.29 · 10 −31 erg s −1 cm −2 Hz −1 ). With "x" a region (∼ 7600Å) of a bad atmospheric correction is marked. Residuals of night sky emission lines are indicated with "s". ′′ of the PSPC detector. The HRI error circles of the X-ray sources 35, 36, 43, 46, 48, 53, 56, 59 and 62 were taken from the HRI raster scan exposures. The sources 37 and 51 are confusion resolved by the HRI exposure into the object pairs 37 A+G and 51 D+L, whereas the PSPC image shows only a single source in both cases. The HRI detection of the PSPC sources is extremely important to identify the optical counterpart. We found in nearly all cases only one optical object within the HRI error circle. PSPC data only were available for the sources 26, 36, 42, 55, 58, 60, 61, 67, 73 and 116 . In these cases the optical identification is much more difficult, because several objects frequently lie within the PSPC error (cf. 36 in Fig. 1 ). The optical counterparts of the X-ray sources are indicated by name in Fig. 1 . For a number of field galaxies near the X-ray sources we have obtained optical spectra during the identification process. These objects are labeled with "(F)".
A radio survey in the Lockman Hole has recently been carried out with the Very Large Array (VLA) at a wavelength of 20 cm (De Ruiter et al. 1997) . About 149 radio sources were detected down to a limiting flux density of ∼120 µJy. The cross correlation with the RDS X-ray source list has yielded 9 radio/X-ray associations (6, 12, 26, 28, 32, 35, 45, 54, and 116) . VLA detections are illustrated by a square box in the finding charts. The positional errors were taken from De Ruiter et al. (1997) . For all sources in which the radio sources are within the X-ray error box, the association between the radio and the suggested optical counterpart is highly reliable (see Table 2 in De Ruiter et al. 1997) , with no positional offset larger than 2σ in the combined positional errors. Taking into account the different X-ray and radio limits, the percentage of radio detections of the Lockman Hole X-ray sources (14% at ∼0.2mJy) is in good agreement with the fraction of ∼ 9% for X-ray sources in the Cambridge-Cambridge ROSAT Serendipity Survey (Ciliegi et al.1995) and the value of 8% found in the Marano field (Zamorani et al. 1999) . The VLA detection of source 116 is discussed in Sect. 4.3.
In Fig. 1 we present as well the optical spectra of the RDS sources, smoothed to the instrumental resolution (10/15Å for the Keck long-slit/multi-slit spectra, 25Å for Palomar spectra and 4.5Å for the Calar Alto spectrum of 62A). The flux scale is normalized so that one count corresponds to an AB magnitude 28 (f ν = 2.29 · 10 −31 erg s −1 cm −2 Hz −1 ). The location of typical AGN emission lines (eg. Lyα, C IV, C III], Mg II) and galaxy absorption lines (Ca H+K λ3934/3968, CH G λ4304, Mg I λ5175, Na I λ5890) are overplotted. The residuals of the atmospheric correction (∼7600Å) are marked in some spectra (eg. for 6A and 37A).
Three of the brightest X-ray sources are foreground stars. The comparison of their optical spectra (cf. Fig. 1 ) with the library of stellar spectra from Jacobi et al. 1984 reveals two M5 V stars (8B and 20C) and a K0 V star (62A).
The high signal to noise Keck spectra are very important to identify the faint optical counterparts of the X-ray sources. Five ID classes are used to classify the 47 extragalactic X-ray sources. The optical identification scheme (ID class a-e) is described more precisely in Paper II. The optical counterparts of 33 X-ray sources have been identified with AGNs of ID classes a-c, because they exhibit broad emission lines in their optical spectra. In this scheme the objects of ID class a show at least two of the following broad emission lines: Mg II, C III], C IV and Lyα. We have changed the ID class of source 27 from e (see Paper II) to a, because the source has been identified with the optical quasar 27A at z = 1.720, which is inside the final HRI error circle. The object near the center of the PSPC circle is a normal galaxy without emission lines (z = 0.487). The 7 objects of ID class b, at lower redshift, exhibit broad Mg II emission lines and 3 of them (56D, 37A and 9A) show as well broad emission lines of Hβ. The 3 members of the ID class c have only broad emission lines of Hβ and/or Hα. Six X-ray sources were classified as AGNs of the ID class d. Their optical spectra contain no broad emission lines seen for the ID classes a-c, but four objects (12A, 51D, 51L and 117Q) exhibit [Ne V] emission lines indicating a high ionization potential, corresponding to soft X-ray emission typical for AGNs. The objects 26A and 45Z, both have X-ray luminosities in the 0.5-2.0 keV energy band above 10 43 erg s −1 , show relatively strong [Ne III] λ3869 emission lines, which are typically quite strong in Seyfert galaxies and quasars (cf. Paper II.).
Eight X-ray sources belong to the ID class e. All the spectra of the proposed identifications in this class do show neither broad lines nor neon forbidden lines. In this class there are three X-ray sources identified with groups or clusters of galaxies (41, 58 and 67), one AGN or group (48), one emission line galaxy (53), one radio galaxy (116), two very red objects (14, 84), detected in K ′ band and not detected in the optical bands. The first five of these sources are briefly described below, while new data and the suggested identifications for the remaining three sources are discussed in Sect. 4.
The R-image of 41 reveals a number of faint galaxies at the position of the X-ray source, which is extended in the PSPC and in the HRI. The spectra of the cluster members 41C, 41A−1 and 41A−2 only show typical galaxy absorption lines at a redshift of 0.340. Five faint galaxies are detected inside the PSPC circle at the V -image of source 67. The objects 67A, 67B (south), 67C and 67D have the same redshift (z = 0.525), whereas 67B is NELG at z = 0.317. In the case of source 58 there are two galaxies 58B and 58D at a redshift of 0.629 near the inner edge of the PSPC circle. The spectrum of 58B shows a faint peak, labeled with "S", near the position of the [Ne V]λ3426 emission line, which is a result of a bad night sky subtrac-tion around the prominent 5570Å sky line. The source is classified as a group of galaxies (cf. Paper II).
Source 48 has a faint galaxy 48B inside the HRI raster scan error circle. The galaxy 48C (at the same redshift) is located at the edge of the HRI error circle, but within the larger PSPC error circle. A further galaxy 48Z at the same redshift is at a distance of 85
′′ from the X-ray source. On the basis of the high X-ray luminosity in the 0.5-2.0 keV energy band (log L x = 43.3) and the f x /f v ratio, 48B was classified as an AGN, although this classification is uncertain (see Paper II), and the optical counterpart could also be a group of galaxies.
Source 53 is the only X-ray source, which has been classified as an emission line galaxy. The optical spectrum of 53A exibits two narrow emission lines ([O III]λ5007 and Hα). The X-ray luminosity in the 0.5-2.0 keV energy band of log L x = 42.2 appears to be rather high for a galaxy. The galaxy is located between two M-stars, which in principle could also contribute to the X-ray emission. The classification of source 53 is therefore somewhat uncertain and needs higher angular resolution as will be provided by Chandra.
Galaxy absorption lines and D(4000) break index
In Table 1 we present the galaxy absorption lines of the optically identified RDS sources. The columns 1-3 contain the name of the optical/infrared counterpart, the classification (AGN, Grp, star or galaxy) and the identification class (a-e). There are two pairs of sources with the same number (37 and 51). The object 37G is the ID of the source 814 and the object 51D is the ID of the source 504 in Table 1 of Paper II. In the case of a group or a cluster of galaxies there is only one entry for the brightest galaxy. Column 4 gives the redshift of the objects. The R-magnitude of the objects, which was taken from Paper II, is shown in column 5. The column 6 presents typical galaxy absorption lines using the following code: A) Ca H+K λ3934/3968, B) CH G λ4304, C) Mg I λ5175, D) Na I λ5890 and "no" means that there are no Ca H+K absorption lines visible within the expected wavelength range. There is no entry for the RDS objects, where the mentioned absorption lines were not accessible due to a redshift larger than 1.1. The column 7 shows the 4000Å break index D(4000) and its 1σ error, which is defined by Bruzual (1983) as the ratio of the average flux density f ν in the 4050-4250Å and 3750-3950Å bands in the rest frame. Due to the wavelength range of our spectra we were able to derive the D(4000) values for all objects with redshift between 0.01 and 0.93.
The fact that most of the spectra of the RDS AGNs in the appropriate redshift range show one or more of the 'typical galaxies' absorption lines, suggests that the nonthermal AGN emission is not dominant at these wavelengths for these objects. 
Therefore, we have measured the break index D(4000) in order to have an estimate of the main stellar population in the host galaxies. About 63% of the RDS AGNs for which the D(4000) index could be derived from the optical spectra, have D(4000) > 1 at more than 1 sigma level (see Fig. 2b ). The object 16A, whose spectrum shows a very blue continuum, is the only AGN with D(4000) < 1, consistent with a power law continuum (f ν = ν α with α < 0).
The D(4000) values do not appear to correlate neither with the absolute magnitudes of the AGNs, which cover the range -23.9<M V <-20.7, nor with the presence of broad emission lines. The histogram of the D(4000) index of the RDS AGNs is shown in Fig. 2a . This distribution peaks at D(4000)∼1.2, with most of the objects in the range 1.0≤D(4000)≤1.4, plus some objects at larger values (1.6≤D(4000)≤2.0). These two ranges of D(4000) correspond to galaxies with a sustained amount of star formation and galaxies with a dominant old stellar population, respectively. The D(4000) values of the three group members (41C, 58B and 67B) are all consistent with those of elliptical galaxies.
As a comparison, the mean D(4000) values measured from the Canada-France Redshift Survey (CFRS; Lilly et al. 1995) in a redshift interval similar to that of our objects (z<1) are 1.43 with a dispersion of 0.31 for 256 emission line galaxies and 1.92 with a dispersion of 0.45 for 85 "quiescent" galaxies, defined as galaxies with no detected [OII] line (from Table 1 in Hammer et al. 1997) . Similar average values (1.40 and 1.83 for emission line galaxies and no-emission line galaxies) have recently been measured from the large, more local (z<0.15) Stromlo-APM Survey (Tresse et al. 1999 ).
New identifications
The work described in Paper II was unable to identify 4 of the 50 sources: 14, 36, 84 and 116. We have obtained new optical and infrared observations of three of these objects, and have made one certain and two probable identifications. In addition, the radio detection of source 116 suggests a tentative identification with a radio galaxy, which is probably an AGN. Table 2 gives the optical properties of the newly identified X-ray sources in the same format as presented for the other sources in Paper II. The first two columns contain the name of the X-ray source and their flux in units of 10 −14 erg cm −2 s −1 in the 0.5-2 keV band. The columns 3-6 give the name of the optical object identified with the X-ray source, its magnitude R, and its right ascension and declination at epoch 2000. The column 7 gives the distance of the optical object from the X-ray source in arcsec, which is based either on the 1112 ksec HRI pointing (H), or on the HRI raster scan (R) or on the 207 ksec PSPC exposure (P). The columns 8-10 contain the ratio f x /f v as defined by Stocke et al. (1991) , the morphological parameter (g=galaxy) and the redshift. The columns 11 and 12 present the optical absolute magnitude M V and the logarithm of the X-ray luminosity in the 0.5-2.0 keV energy band in units of erg s −1 . The optical classification and the ID class (see Sect. 3.) are given in the columns 13 and 14.
Optical identification of source 36
The X-ray source 36 was identified by additional spectroscopic work in March 1998. The finding chart of 36 shows three faint optical objects within the PSPC error circle (see Fig. 1 ). The spectrum of object 36D shows two broad emission lines, identified as C III] and Mg II at z = 1.524. The object is therefore an AGN of the ID class a. The ob-ject 36A is too faint to obtain a reliable spectrum within an exposure time of 1800 sec, whereas the object 36E has a faint narrow emission line [O II] at z = 0.409 indicating a normal NELG field object (marked with F in Fig.  1 ). Therefore 36D is likely to be the optical counterpart of the X-ray source. The source south of 36D is a separate X-ray source (not in this sample), which is optically identified with 36F, an AGN at z = 0.8.
Near-infrared identification of source 14 and 84
We carried out deep broad-band K ′ (1.9244-2.292µm) imaging of the two unidentified X-ray sources, 14 and 84, in December 1997. We used the Omega-Prime camera (Bizenberger et al. 1998 ) on the Calar Alto 3.5-m telescope. The camera uses a 1024×1024 pixel HgCdTe HAWAII array with an image scale of 0.396 arcsec/pixel, and covers a field-of-view of 6.7×6.7 arcmin.
Large numbers of short (∼3 second) backgroundlimited images were taken at slightly dithered positions, with total accumulated integration times of 45 minutes for X-ray source 14, and 40 minutes for source 84. Standard techniques were used to reduce the data. For an image at any given position, a series of images taken before and after at different positions were median combined to create a blank sky, which was then subtracted from the source image. The result was then divided by a tungstenilluminated dome flat. Finally, all the reduced source images were registered and stacked to create the deep image. The integrated long-term seeing after combining all the images was ∼1 arcsec FWHM.
K'
K' Fig. 3 . K'-band images of the X-ray sources 14 and 84. North is to the top and east to the left. The PSPC and HRI error circles are indicated by the large and small error circles. Both X-ray sources have a K'-band counterpart within the HRI error circle whereas the R-band images show a very faint counterpart (14Z) or no optical object (84Z) at a limiting magnitude of ∼25.5 (see Fig. 1 ).
The deep images were then smoothed with a Gaussian (σ = 0.8 pixels) before sources were identified and their fluxes measured using the SExtractor package (Bertin & Arnouts 1996). In the 45 minutes exposure, point sources are well detected at the 5σ level (peak pixel brightness above the sky noise) at K ′ =19.7 mag. Small subsections of the two K ′ images are presented in Fig. 3 , one each for sources 14 and 84. Faint K ′ sources are recognizeable within the HRI error circle for both Xray sources (14Z: K ′ = 19.6 mag, 84Z: K ′ = 19.3 mag). New images taken with the Near Infrared Camera (NIRC; Matthews & Soifer 1994) at the Keck telescope confirm the existence of this very red object (Schmidt, Soifer & Thompson, priv. communication) . Both sources have a positional offset from the center of the HRI error circle of about 1 ′′ . Only the object 14Z was detected in the Rband image (cf. Fig. 1 ), whereas object 84Z shows no optical counterpart on the R-band image down to the limiting magitude of R ∼ 25.5 mag, which results in R−K ′ colours of ∼ 5.4 for 14Z and ≥ 6.2 for 84Z.
The relatively low surface density of objects with such red R − K ′ colours at K ′ ∼ 19.5 (∼ 0.5 objects/sq.arcmin; see Fig 2. in Thompson et al. (1999) strongly suggests that the red sources near the HRI positions are the true counterparts of the X-ray sources. The most probable identifications of such red objects are with either high redshift (z ≥ 1) ellipticals or dust-reddened starbursts or AGNs. In the first case, the X-ray emission would probably arise from a cluster; in the second case the dust-reddened AGN would have colors similar to those of a number of red quasars discovered in a radio selected sample (Webster et al. 1995) . Alternatively, they could be very high redshift AGNs (R-dropouts). Since both X-ray sources have relatively hard spectra (Schmidt et al. 1998 ; see also Fig. 7 in Zamorani et al. 1999) , indicative of a non-negligible amount of X-ray absorption, we prefer the identification with a quasar reddened by absorption for both sources. This identification is more secure for object 14Z, since no additional red object is seen close to it in the K ′ image (the object 14A, inside the PSPC error box, but outside the HRI circle, is a NELG at z = 0.546, which is typical for the population of field galaxies (cf. Sect. 6)), while it is more uncertain for object 84Z for which we can not exclude the identification with a high redshift cluster. In fact, the K ′ image shows a number of red objects (marked with arrows in Fig. 3) , although with less extreme R − K ′ colours than that of 84Z. The objects 84C and 84E have been identified with NELG at redshifts of 0.381 and 0.525. A further NELG (84D) was found at z = 0.525 (cf. Fig.  1) .
The large f x /f v ratios of 14Z and 84Z (see Table 2 ) are consistent with the ratios for AGNs, clusters of galaxies and BL Lac objects found by Stocke et al. 1991 in the Einstein Medium Sensitivity Survey (EMSS).
Radio identification of source 116
Object 116A (z=0.708) near the center of the PSPC circle shows only absorption line features in its optical spectrum (cf. Fig. 1) . Unfortunately, the wavelength range is not large enough to cover the regions of the Hβ and Hα emission lines. The galaxies 116B and 116D near the edge of the PSPC circle are NELG at redshifts of 0.469 and 0.607. We have not yet obtained spectra of the galaxies 116C and 116E. The object 116A is close to the geometric center of two relatively bright radio sources which were detected at 20 cm and were considered to be the radio lobes of a double radio source by De Ruiter et al. (1997; radio source #99 in their Table 1 ). Recently, higher resolution VLA observations at 6 cm (Ciliegi, priv. communication) have detected a third radio source positionally coincident with the object 116A. The radio emission from this source appears to be clearly connected with the two radio lobes. On this basis, we identify 116A with a double lobed radiogalaxy (AGN).
Emission line properties
In order to derive a reliable optical identification of the faint X-ray sources we have determined the emission line properties of the most prominent AGN and galaxy emission lines. Due to the large redshift range of the RDS AGNs from 0.080 to 2.832 with its mean redshift of z = 1.2 (cf. Fig 5) , any given emission line is present only in a small number of objects. Therefore we do not perform a correlation between the emission lines properties.
The emission lines have been measured by fitting with single or double Gaussian profiles applying the LevenbergMarquardt algorithm (Press et al. 1992a,b) . First we fitted each line with a Gaussian with four adjustable parameters; the total line flux, the mean wavelength, the sigma of the Gaussian and the flux of a local linear continuum. The Levenberg-Marquardt algorithm provides one sigma errors of the parameters. In some cases a single Gaussian gave a poor fit to the data, so an additional Gaussian was used (eg. for Hβ of 37A or for Hα of 59A).
From the best set of parameters we have calculated the redshift, the rest frame EW rest inÅ and the FWHM in km s −1 . The redshift of each object was derived as the mean value from the strongest features (eg. Mg II λ 2798, [O II] λ 3727). Its mean error is around ∼0.001. The FWHM has been corrected for intrumental resolution, using 10Å and 15Å for the mean instrumental resolution of the Keck long-slit and multi-slit spectra and 25Å for the Palomar spectra. The mean instrumental resolution of the spectra was obtained by fitting a Gaussian to the emission lines of the wavelength calibration spectra. If an emission line was unresolved (F obs ≃ W), we set W=0Å to derive an upper limit of the FWHM [km s
−1 ]. The largest possible error of FWHM was calculated assuming that the error of the mean instrumental resolution σ W is zero. We have determined for some objects the FWHM and its error from several observations (eg. 14A, 43A). These values are generally in good agreement within errors. Only for the object 38A there is a significant difference in the individual values of the CIII] emission line. Therefore we used the mean value of both measurements, which has a relatively large error. The FWHM of all UV and optical emission lines is given in Table 3 and in Table 4 , respectively. The first two columns contain the name of the optical counterpart and its ID class (for description see Sect. 4). The third column lists the mean redshift of the object. The columns 4-10 give the FWHM [km s
−1 ] of the prominent UV or optical emission lines, if found in the spectra. The values are rounded to the nearest integer that can be divided by 10. In a few cases the two Gaussian fits for the UV lines C IV, CIII] and Mg II required both a broad and a very broad component (FWHM>8000 km s −1 ), which is indicated with "v" in Table 3 . In Sect. 5.1 we discuss the FWHM of AGNs in the RDS in comparison with the values found in other X-ray surveys. Table 7 and Table 8 present the rest frame EW of the UV and optical emission lines of the RDS sources. The format is the same as for the FWHM (Table 3 and Table  4 ) except for the third column, which contains the optical classification of the counterpart (AGN, group or galaxy) instead of the ID class. The EW rest values derived from the Keck spectra have on average much smaller errors than those derived from the Palomar spectra (9A, 25A, 27A, 28B and 52A). This is a consequence of the better spectral resolution of the Keck spectra. In Sect. 5.2 we discuss the rest frame EW of RDS AGNs.
FWHM of the RDS AGNs
First we have divided the emission lines into narrow emission lines (<1500 km s −1 ) and broad emission lines (>1500 
(1) (2) (3) (4) (5) (6) (7) (8)
2A a 1.437
More than one spectrum available, * * ) Emission line [NeV]λ3346, * * * ) Probably blended with the 5570Å sky line. m) Marginal line detection (2 − 3σ), e) estimated from the heavily smoothed spectrum. n) Narrow, b) broad and v) very broad component (FWHM>8000 km s −1 ) of the emission line.
km s −1 ). In addition, a few spectra required very broad line components (>8000 km s −1 ) of the semi-permitted line C III] and of the permitted lines C IV and Mg II. The unresolved narrow lines and marginally detected lines (cf. Table 3 and 4) were neglected in the following analysis.
Since there are only few observations of Lyα and Hα we do not present a statistical analysis for these lines. If there were at least three values for narrow or broad components available, we have calculated a mean and an error on the mean (the standard deviation σ divided by the square root 
of the number n). We compare the results (FWHM) of the RDS AGNs with the properties of the UV/optically selected, low-redshift quasar sample ( z = 0.54) from Green (1996; hereafter GR) and with the FWHM of a QSO sample at intermediate redshift (0.9≤ z ≤2.2) from Brotherton et al. (1994; hereafter BR) . In addition we used for comparison the emission line properties derived from two X-ray surveys: the RIXOS AGN X-ray sample with z = 0.82 (Puchnariwicz et al. 1997 ) and the AGN data of the Cambridge-Cambridge ROSAT Serendipity Survey (CRSS) of Boyle et al. (1997) , which has a mean redshift of z = 0. Because many RDS AGNs show a strong continuum from the host galaxy (see Sect. 3.1), we have searched for differences in the emission line properties of the forbidden lines of the RDS AGNs and of our field NELG, which are physically not associated with the RDS X-ray sources as described in Sect. 6. Therefore we compare the FWHM and the rest frame EW of the RDS AGNs in addition to the AGN comparison samples with those values derived from our field NELG sample.
Quasar lines: Table 5 contains the mean FWHM, the standard deviation, the error on the mean (column 2-4) and the number of RDS quasar lines (column 5). The values in brackets give the FWHM including the very broad emission lines (FWHM>8000 km s −1 ). In addition, we list the mean FWHM with its error and the number of objects in parentheses of the RIXOS, the CCRS, the GR and the BR sample in columns 6-9. The mean SI IV FWHM of the four RDS AGNs is consistent with the GR data. The mean RDS C IV FWHM agrees quite well with that of the CCRS sample and with the mean FWHM, which we have derived from the BR data. Green (1996) has obtained a significantly larger FWHM for his low-redshift quasar sample. The mean C III] FWHM (broad component) of the RDS AGNs is between the value of the CCRS sample and the values of several AGN samples (RIXOS, GR, BR). Furthermore, three C III] narrow emission lines were detected, which have a mean FWHM 990±65 (σ=110) km s −1 . The mean Mg II FWHM, including very broad components, of RDS AGNs is similar to, although slightly higher than, those from the CCRS sample, the RIXOS survey and the BR sample. The object 54A shows a narrow Lyα λ1216 emission line of 1160 km s −1 . The FWHM of the broad Lyα λ1216 emission lines with 2240 km s −1 (17A) and 2800 km s −1 (37G) are at least a factor of 2 lower than found for the GR sample (7690 ± 250 km s −1 with σ=2200 km s −1 ). Balmer lines: The AGNs 28B and 59A exhibit broad Hα emission lines. The FWHM of 59A (8320 km s −1 ) is larger than detected for any broad Hα component of the RIXOS sample, with its mean FWHM of 3100±400 (σ=1800) km s −1 . The mean FWHM of the broad Hβ λ4861 line 3810±1300 (σ=2610) km s −1 agrees with the values from other X-ray selected AGN samples (CCRS: 3400±160 (σ=2400) km s −1 , RIXOS: 3900±400 (σ=2000) km s −1 and ST: 3640±230 (σ=1750) km s −1 ). Boroson & Green (1992; hereafter BG) have obtained a value of 3800±200 (σ=1860) km s −1 for a bright optically selected QSO sample at low redshift z = 0.17. Only one of five narrow Hβ lines was resolved (cf. Table 4 ). Two of five narrow Hγ emission lines have been resolved, but none of them show a broad emission line component.
Forbidden lines: Table 6 presents the FWHM of RDS AGNs and the values of field NELG. The first column is the name of the line. The columns 2-5 contain the mean FWHM, the standard deviation, the error on the mean and the number of emission lines for RDS AGNs. All the numbers in these columns refer to the resolved emission lines. Column 6 is the fraction of resolved emission lines compared with the total number of detected lines. The columns 7-11 show the same values for our sample of field NELG.
The fraction of resolved NELG emission lines (∼30 %) is smaller than the fraction (∼60 %) found for RDS AGNs, which is probably due to the higher S/N ratio of the RDS spectra. The optical spectra of field NELG show no [Ne V] emission lines as found for several RDS AGNs. The mean RDS FWHM and the mean field NELG FWHM of the forbidden lines are in good agreement within errors. The mean FWHM of the [Ne III] lines seems to be slightly larger than those of the oxygen lines. But this is probably due to a blend with other lines in this region of a noisy continuum.
To summarize, in general the RDS AGN FWHM of the broad emission lines are consistent with the values found for other X-ray selected AGN samples as well as with the data obtained from optical/UV selected AGN samples.
Rest frame EW of the RDS AGNs
In addition to the already mentioned AGN samples, we use the range of the mean EW derived for several emission line surveys (Osmer 1980 , Vaucher & Weedman 1980 and optical/radio quasar surveys (Neugebauer et al. 1979 , Richstone & Schmidt 1980 , Oke & Korycanski 1982 , Wampler et al. 1984 , Tytler et al. 1987 ) given in Table  6 of Schmidt et al. (1986; hereafter SSG) and the sample of high-redshift, bright QSO z =1.6 from Steidel & Sargent (1991;  hereafter SS) for a comparison with the RDS AGN EW. Further, we have calculated the mean EW (neglecting uncertain values) from the X-ray selected AGN sample ( z =0.19) of Stephens (1989; hereafter ST) .
Quasar lines: The mean EW of the RDS quasar lines are shown in Table 9 , where columns 2-5 give the mean EW, the standard deviation, the error on the mean and the number of objects. The values in brackets in column 2 include the very broad line components. Columns 6-9 contain the mean EW, its error and the number of objects of the comparison AGN samples. The column 10 gives the range of mean EW taken from Table 6 in SSG. The mean SI IV EW of the RDS AGNs is about twice the value of the GR sample. The mean C IV, C III] and Mg II EW of the RDS AGNs have relatively large errors due to the spread within a small number of emission lines, but they are in general good agreement, although on the high side, with the values of the comparison samples. Further they are in the range of mean EW values derived from several quasar surveys (SSG).
Three RDS quasars at redshifts larger than 2.4 have Lyα emission lines in their optical spectra, one of them (54A) shows only a narrow component (EW∼55Å). The objects 17A and 37G have broad Lyα emission lines with EW of 55.8Å and 36.2Å (5.5Å-narrow component), which do not differ much from the mean EW 52.7±3.5 A of the GR sample, but are below the range of mean values of several other emission line and optical/radio quasar surveys (SSG 67-81Å).
Balmer lines: Two RDS AGNs 28B and 59A exhibit a broad Hα component (EW= 234.1Å and 32.3Å). The mean RIXOS Hα EW is 140±20 (σ=90)Å, whereas the ST AGN sample has a mean Hα EW of 240±24 (σ=148)Å. The object 59A shows in addition a narrow Hα emission line component (EW=11.2Å). The mean Hβ (broad) EW of the RDS AGNs (38±8Å with a dispersion σ=17Å) is consistent with the mean values of the RIXOS sample (38±3Å with σ=23Å) and the CCRS sample (41±4Å with σ=18Å), but about half of the values found from the ST AGN sample (77±6Å with σ=45Å) and from BG AGN sample (96±4Å with σ=37 A). The mean Hβ EW of the narrow component of the RDS AGNs (6±2Å with σ=4Å) agrees quite well with the mean EW of 8±2 (σ=9)Å, derived from 18 narrow emission lines of our field NELG sample. The mean Hγ EW of the RDS AGNs is 4±1 (σ=3)Å, where only narrow emission lines were detected. In the sample of 67 NELG we have found only five objects with Hγ with a mean EW of 12±3 (σ=3)Å. Table 10 we present the distribution of the rest frame EW of the RDS AGNs and of the AGN comparison samples as well of the field NLEG. The first column gives the name of the line. The columns 2-5 contain the mean EW, the standard deviation, the error on the mean and the number of emission lines for the RDS AGN sample. The columns 6-8 list for comparison the mean EW, its error and the number of objects of the RIXOS, the ST and the BR AGN sample. The columns 9-12 give the mean EW, the standard deviation, the error on the mean and the number of emission lines for our field NELG sample.
Forbidden lines: In
The mean EW of the forbidden lines of the RDS AGNs is slightly smaller than the values found for the AGN comparison samples, but they agree within the relatively large errors. The mean EW of the RDS AGNs seems to be in better agreement with the mean EW of the field NELG. Only the mean [O II] EW of the NELG is significantly larger than that obtained for the RDS AGNs and as well larger than derived for the comparison AGN samples. The mean [O II] EW (30Å) of our NELG sample is well consistent with the average EW of ∼ 33Å for CFRS galaxies (EW>15Å) with M B < −21 mag and 0.4<z<0.75 (Hammer et al. 1997) .
Most of the AGNs (see Fig. 1 ), which exhibit narrow forbidden emission lines of oxygen and of neon, show a significant continuum originated in the host galaxy (see 7) is significantly higher than that (∼ 0.9) found for the field NELG, which indicates a higher ionization parameter in AGNs compared to the field NELG.
In general the mean RDS AGN EW of the broad emission lines are consistent with the data from several Xray selected AGN samples at lower mean redshift (ST: z =0.2, RIXOS: z =0.8, CCRS: z =0.9) compared to its mean redshift of z =1.2. Further they are in general good agreement with the mean EW from UV/optical selected AGN samples at low and high redshift (BG: z =0.2, GR: z =0.5 and SS: z =1.6). Although our results are derived from a small number of emission lines they seem to indicate in comparison with the other samples nearly the same properties of AGN broad emission lines.
The mean EW of the RDS AGN narrow emission lines, found at redshifts below 1, are slightly smaller than found for the comparison AGN samples. There is a better agreement of the mean RDS AGN EW with those values obtained from our sample of narrow-emission line field galaxies (NELG). A reason for the less strong narrow emission lines of RDS AGNs compared to the other AGN samples could be a stronger contribution of the AGN host galaxies to the continuum emission (see discussion).
Fraction of NELG in field galaxies
The comparison of the RDS with several deep ROSAT surveys (eg. CRSS, Boyle et al. 1995a; Deep ROSAT Survey (DRS), Georgantopoulous el al. 1996 ; UK ROSAT deep field survey (UKDS), McHardy et al. 1998 ) reveals that the RDS contains a larger percentage of AGNs than found in any previous survey (cf. Paper II). This is partly due to the accurate HRI position of the X-ray sources, which allows a reliable optical identification and partly due to the high quality Keck spectra and our classification scheme, in which we have included the high ionization [Ne V] emission line as a sign for AGN activity. In contrast to the CCRS, the DRS and the UKDS, which have a fraction of narrow emission line galaxies (NELG) between 10 % and 26 %, we did not find a significant number of NELG as X-ray counterparts, although some of our class d and e AGNs would have been classified as NELG in the previous X-ray surveys.
We have found only one NELG (53A) in our sample of 50 X-ray sources, which could still be argued against because of the confusion with two M-stars. Furthermore, the optical identification of the Ultra Deep HRI survey in the Lockman Hole (Hasinger et al. 1999b) shows no evidence for a new population of faint galaxies, which has been suggested to dominate the soft X-ray source counts at X-ray fluxes down to 2.0·10 −15 erg cm −2 s −1 . There are several hints that the identification of faint X-ray sources with NELG is probably spurious due to relatively large PSPC error circles and lower quality optical spectra. For example, five of 10 X-ray luminous NELG from the CCRS were identified as Seyfert galaxies (AGNs) by Boyle et al. (1995b) using additional intermediateresolution spectra. Nevertheless, they argued that between 7 to 17 % of the 2 keV X-ray background can be produced by starburst (NELG) galaxies.
We have available Keck spectra of 83 field galaxies near the positions of the X-ray sources. The spectra of these objects were either taken together with optical counterparts on long-slits, chosen as field objects on multislit masks or taken as possible counterparts of the X-ray sources. We have fitted a Gaussian to the emission lines of the field galaxies using the same algorithm as described in Sect. 5. We classify a field galaxy as a NELG, when the optical spectrum shows at least one narrow emission line (FWHM<1500 km s −1 ) with a signal-to-noise ratio of S/N≥3. The FWHM and the EW distributions of the NELG are already discussed in Sect. 5.1 and 5.2. .
The sample of field objects contains 67 NELG (81 %), 14 absorption line galaxies (17 %) and 2 AGNs (2 %). Fig. 4 presents the Keck spectra of four NELG, which show Fig. 4 . Keck LRIS spectra of four typical emission line galaxies (NELG) nearby the RDS sources. The wavelength is given inÅngstrom, the flux is in counts as shown in Fig.  1 . The positions of the two field objects 14C and 26C are marked in the finding charts of the X-ray sources 14 and 26. Guzman et al. (1997) have done a spectroscopic study of 51 compact field galaxies in the flanking fields of the Hubble Deep Field, where about 88% of the objects show narrow emission lines, and only absorption lines in the remaining 12%. Therefore, both our sample and the Guzman sample of field galaxies suggest a high probability of misidentification of faint X-ray sources with NELG in the field, if the presence of emission lines is used as the only indicator for identifications and the error boxes are larger than a few arcsec. The optical identification of all previous deep X-ray surveys is based only on the PSPC detection. The RDS finding charts in Fig. 1 show a number of cases (eg. 14Z, 117Q, 38A) where at least two faint NELG Fig. 5 . The number-redshift relation for RDS AGNs (narrow line AGNs -hatched histogram) and for field galaxies (NELG) close to the X-ray sources. The NELG distribution fits well with the redshift distribution of "Narrow emission line X-ray galaxies" (NLXG) of the UKDS.
were within the PSPC error circle; if we had to rely on the PSPC observation alone, misidentification would have certainly arisen.
A further indication for a possible misidentification of faint X-ray sources comes from the redshift distribution of the RDS sources and the field NELG (see Fig. 5 ) in comparison with the distribution of NELG (called NLXG) in the UKDS where they make up a large fraction (26 %). Jones et al. (1997) have derived a double-peaked n(z) distribution of their UKDS objects, which peaks for the NLXG at z ∼ 0.3 and for the QSO at z ∼ 1.6. They argue that the difference in these redshift distributions suggests two different source populations (QSO and NLXG), unless some NLXG could be AGNs (Seyfert II). If we compare the n(z) distribution of our field NELG with the UKDS NLXG, we find a good agreement, whereas the n(z) of the RDS AGNs differs quite clearly (see Fig. 5 ). Also the 7 RDS narrow-line AGNs of ID classes d-e (see Table 1) show a redshift distribution different from that of the UKDS NLXG. This further suggests that a significant fraction of the UKDS sources is probably misidentified with field NELG.
Discussion and conclusion
We have presented the complete atlas of finding charts of 50 X-ray sources with 0.5-2.0 keV fluxes above 5.5 · 10 −15 erg cm −2 s −1 from the ROSAT Deep Survey in the Lockman Hole. For each of the 46 so far identified Xray sources we have shown high quality spectra, most of them taken with the Keck telescopes. One of four unidentified X-ray sources has been identified as an AGN through new spectroscopic Keck data. The existence of a double lobed radio galaxy detected with the VLA in the 6 cm and 20 cm band, leads to a tentative identification of a further previously unidentified source as a powerful radio galaxy (AGN). The two remaining optically unidentified X-ray sources show relatively bright counterparts in the K ′ -band, which results in a very red colour of these sources (R − K ′ > 5.0). There are several examples for faint X-ray sources identified with red objects (eg. Newsam et al. 1997 ). In the Ultra Deep HRI Survey with a 0.5-2.0 keV flux limit of 1.2 · 10 −15 erg cm −2 s −1 (Hasinger et al. 1999a) we found that all X-ray counterparts with red colours (R − K ′ > 4.5) are either members of high redshift clusters of galaxies (z>1) or obscured AGNs at various redshifts. Recently, we have detected a number of very red galaxies (Lehmann et al. 1999 ) indicating one of the most distant X-ray selected cluster of galaxies (Hasinger et al. 1999b ). The very red colour of the near-infrared counterparts of both RDS Xray sources 14 and 84 suggests that they are obscured AGNs. Further observations are being performed to confirm these tentative identifications.
The quasar emission line properties of the RDS AGNs are in good agreement with the results from several X-ray selected and optical/UV selected AGN samples, while the mean EW of the [O III], [Ne III] and of the narrow components of the Hγ and Hβ emission lines are slightly smaller than found for other AGN samples. This is probably due to a strong continuum flux originated in the AGN host galaxy. Many RDS AGNs show a significant galaxy continuum in their optical spectra as signified by their large D(4000) index values. The reason of a stronger contribution of the host galaxy in our AGNs could be a result of selection effects. The UV/optical selected AGN samples and shallower soft X-ray surveys may find AGNs, where the optical emission of the AGN is stronger than that of the host galaxies. In contrary, many of our RDS AGNs show a strong optical emission originated in the host galaxy in comparison with that from the AGN.
About 80 % of the RDS AGNs show broad emission lines in their optical spectra (ID class a-c), whereas about 20 % of our AGNs show only narrow emission lines (ID class d-e). Akiyama et al. (1999) have obtained the same fraction (∼ 20 %) for the narrow-line AGNs from the optical identification of the ASCA LSS survey (Ueda et al. 1998 ), which has a flux limit of ∼ 10 −13 erg cm −2 s −1 in the 2-10 keV band. It is not possible to compare these numbers directly with the relative numbers of different AGN-types from the BeppoSAX HELLAS Survey in the 5-10 keV band (Fiore et al. 1999) , because these authors have chosen a more complex diagnostic scheme.
From our complete identification of the RDS sources and a comparison with a sample of field NELG we see no indication for a new class of X-ray bright narrow emission line galaxies, which has been suggested to dominate the soft X-ray counts at fainter fluxes.
